Ferricenium tetrachlorobismuthate, (C 5 H 5 ) 2 FeBiC1 4 , crystallizes in the monoclinic space group P2 1 /c with a = 10.998(5)A, b = 17.449(4)~, c = 7.569(4)A, B = 98.46(5)~. There are four molecules in the unit cell.
Introduction
The crystal structure of ferricenium tetrachlorobismuthate, is also of some interest, particularly in a non-substituted ferricenium compound where steric influences would be less significant.
Diffraction Data
The cell dimensions and data collection details are given in Table I .
The material was isolated as black crystals by reaction of a 1:1 molar ratio of ferrocene and BiC1 3 in acetone. A single crystal was where tc and tb are the scan counting time and background counting time, respectively,. and C is the number of counts recorded during the scan.
The weighting parameters, w, used in the least-squares refinement were 2 calculated as w = 1/a . A 11 p 11 factor, of 0.06 was applied to the weighting factors in order to account for instrumental inaccuracies by . 2 2 2 1/2 ' the equat1on a= (a (F ) + pF 0 )
.
A full set of 377t data was averaged to 1893 unique reflections. Lorentz and polarization corrections were
made. An absorption correction 6 was applied to the data by assigning 6 faces to the crystal and measuring its dimensions. Azimuthal scans of integrated intensities were performed for five different reflections, and the dimensions of the crystal were adjusted to fit these scans.
Atomic scattering factors for Bi 0 , Fe 0 , Cl-, C, and H were used 7 with all appropriately corrected for anomalous dispersion. 8
Structure Determination
A model was provided by a three dimensional Patterson synthesis which revealed the Bi-Bi, Bi~Fe, and Bi-Cl vectors, from which initial heavy atom coordinates (Bi, Fe, Cl) could be deduced. The carbon atoms 6 n ·· "7'" 1:.
""! f.
were located by a subsequent difference Fourier. Hydrogen atom coordinates were calculated by assuming them to lie in the plane of the cyclopentadiene rings each at a distance of 0.95~ from the appropriate carbon atom. The coordinates for the Bi, Fe, Cl and C atoms, including anisotropic thermal parameters, were refined by a full matrix least-squares procedure using the l37q data for which F 2 >3a(F 2 ). The calculated hydrogen positions, o2 including assigned isotropic thermal parameters of 8.0A , were not refined but included as fixed parameters in the least-squares minimization.
The final R 1 value (R 1 = t:I!Foi-!Fcii/EIFol) was 0.03 and the final "R 2 (R 2 = (L:w(jFoi-IFcj) 2 /t:wj"Foj 2 ) 112 was 0.037. The goodness ·of fit Ew(jFoi-IFcl ) 2 /(m-s) was 0.96, where m and s are the number of data and number of parameters, respectively. No extinction was indicated by the data and none was applied.
Final positional and thermal parameters are given in Tables II and   III, and distances and angles are listed in Tables IV and V .
Discussion
A portion of the crystal structure is shown in Fig. 1; Fig. 2 gives the molecular structure of the ferricenium cation. The view in Fig. is a perspective of the be plane down the a axis. The Bi atoms are ~urrounded by 6 Cl ions in an irregular octahedron; adjacent Bi atoms are connected by halogen bridges resulting' in an infinite chain of edge sharing octahedra extending along the c axis. There are six separate Bi-Cl bond distances: four 11 long 11 bonds to the bridging chlorines,
Cl(l), Cl(2), Cl(l'), and Cl(2') of 2.75(l)l, 2.70(l)A, 2.95(l)X and 0 -3.10(l)A, and two "short" bonds to the non-bridging chlorines Cl(3) 0 0 and,Cl(4), of 2.52(l)A and 2.50(l)A. The Cl-Bi-Cl bond angles between bridging chlorines, Cl(l)-Bi-Cl(2'), and Cl(2)-Bi-Cl(l ')are 80.3{1) 0 and 83.9(1) 0 , respectively; the remaining ten interior angles range . from 85.9(1) 0 to 99.3(1) 0 , resulting in a considerably distorted octahedron.
The "short" non..;.bridging Bi-Cl bond distances observed in the present instance, 2.50(l)A and 2.52(l)l are in good agreement with the "single bond" value observed in an electron diffraction study 9
of BiC1 3 (g) which gave Bi-Cl = 2.48 ± 0.02X. However, the identification of the electron diffraction value as a single bond should be viewed with some reservation in view of a Raman spectral study 10 of BiC1 3 (g) which revealed modes that were interpreted as being due to chlorine bridging, suggesting that the material is not monomeric. In solid BiC1 3 , the identification of a single bond distance is even more ambiguous because the structure has been described 11 as a right trigonal prism with the Bi atom having a total of 8 chloride neighbors, three close at 2.47(l)A, 2.5l(l)A and 2.52(l)A and five considerably more distant with valu~s ranging from 3.22 (1)~ to 3.45(1)~. It is clear that the strong tendency to Cl bridging in Bi-Cl compounds precludes the designation of any specific value as a single bond distance. However, the good agreement among the electron diffraction value (2.48~). the three short values in solid BiC1 3 (2.47A, 2.51A, 2.52A) and the short values for non-bridging chlorines measured in the present case (2.50X, 2.52X)
suggests that a range of values for a reasonable "single" Bi-Cl bond would be 2.47~ to 2.52~.
The dihedral angle,-a, between planes containing carbon atoms Non-parallel stacking of molecules in A and 8 may be due to steric constraints of the methyl group on the picolinium ion. In the present structure, the cyclopentadiene ri~gs of the ferricenium cation are parallel to within ~2°, and the distance between the centers of the The distance from the Fe atom to the center of the cyclopentadiene ring which we have measured in ferricenium tetrachlorobismuthate (1.70A)
is in very good agreement with value reported for ferricenium picrate, 13 ferricenium triiodide, 14 and ·1,1 dimethyl ferricenium triiodide. 15 In the picrate and unsubstituted ferricenium triiodide, the structures were disordered so no detailed conclusions could be drawn, although Fe-ring center distances of 1.6Bl and 1.65l were reported, resp~ctively. In the methyl substituted ferricinium triiodide, the rings were inclined by 6.6°, and the relevant distances to each ring were 1.69A and 1.70A. The
Fe-ring center distance in pure ferrocene 12 is 1 .66l, which is not significantly different from the values cited above. . 7690(1) .40136 (9) .9521(2) C1 (1)
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